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> 5G Intro. Overview
> mmW T/Rx RFIC Design
> mmW Ant. Module Design

> Terminal mmW Ant. Design
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What is 5G?

Gigabytes in a second

3D Video - 4K screens

Work & play in the cloud

Smart city cameras .
Augmented reality

Voice
Industrial & vehicular automation

Mission critical broadband

Sensor NW =~

Self Driving Car
Massive loT Low Latency
| Massive Connectivity l Ultra-high reliability & Low Latency

(Source: ETRI graphic, from ITU-R IMT 2020 requirements)
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5G vs 4G

Peak Data Rates 20 Gb/s

100 Thousand Connection Density
Connections/Km?

Monolithic & Centralized Architecture

Connection Density 1 Million
Connections/Km?

Architecture Dynamic & Distributed

base stations

Physical Virtual
Current Antenna for Massive APAA for
th, i .- 5™-generation
(4G) fogemereon P | ) (54G) bas?e stations  «
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5G mmWave Technology

5% Average
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Baseline 2 GHz: Upper cmWave 28 GHz: mmWave 72 GHz:
50 MHz,4x4 MIMO 500 MHz, 64x4 SISO 2 GHz, 400x25 SISO

MmWave can provide high peak,average,and outage rates (if dense) *

*T. Baiand R. W. Heath Jr., “Coverage and rate analysis for millimeter wave cellular networks”, IEEE Trans. Wireless Commun., Feb. 2015.
**T. Bai, A. Alkhateeb, and R. W. Heath, Jr., " Coverage and Capacity of Millimeter Wave Cellular Networks," IEEE Communications Magazine, Sept. 2014.
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5G mmWave Beamforming Technoloqgy

5G ANTENNA ARRAY
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Millimeter Wave Beam
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Microwave Beam

(b) LO Phase Shifting

Millimeter-wave need narrow beam due to high path loss

DSP

(¢) Analog Baseband Phase Shifting (d) Digital Baseband Phase Shifting
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5G mmW Spectrum

Australia

Global Snapshot of mmW 5G Spectrum

24 - 27 GHz 27 - 30 GHz 37 -40 GHz
24.25 - 24.45 37.0 - 37.6
2475 - 25.25 Ra-EREe 37.6 - 40

37.0 - 37.6
27.5-28.25 376 - 40
24.5-275
245 -275 37.5-425
26.5-29.5
27.5-295
24.25-275
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Speed Towards 5G

® Develop the CMOS Transceiver with Extra-wideband
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® Design antenna phased array
® Front End Module (FEM) / Active Antenna Unit (AAU) integrated T/R RFIC with
ant. array by advanced package (HDI-PCB, Flipchip, INFO-WLP, etc. )

Mold-frame
(fan-outarea) Redistribution

X ) Solder Stop
Dielectric Interconnect

(Solder ball)

ant.
"

derfill bumps
underfi o :
Silicon die -
balls

Extra-wideband RFIC Phased array design Advanced Package Tech.
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> 5G Intro. Overview
> mmW T/Rx RFIC Design
> mmW Ant. Module Design

> Terminal mmW Ant. Design
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Broadband RIFC Chip Design

® Cover multiple 5G bands: 24G, 28G, 37G,

39G, 43G
Image rejection T/RX
Individual T/RX I/O for 4 channels
® 45nm CMOS SOl by Global Foundries

Poutygg (%)

Tx chain (TR-SWT PA Mixer IFVGA) Rx chain (TR-SWT LNA Mixer IFVGA)
Freq. (GHz) 245GHz | 28GHz | 38GHz |[42.5GHz || Freq. (GHz) 245GHz | 28GHz | 38GHz | 42.5GHz
Max Gain (dB) 29dB 286dB [ 21dB | 21dB Max Gain (dB) | 35dB 39dB | 34dB | 31dB
Pout, g (dBm) 16dBm | 17dBm | 16dBm | 13dBm Noise figure (dB) | 4dBd 44dB | 5dB 6dB
Entire TX
efficiency at % 10% 7% | 58% IRR (dB) 32dB 28dB | 23dB | 23dB

AM-PM (degree) | 10 9 7 8 Pingg -30~-33dBm

China National C

6mm

| SingIChanne
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Scalability to Massive MIMO & Phased Array
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> 5G Intro. Overview
> mmW T/Rx RFIC Design
> mmW Ant. Module Design

> Terminal mmW Ant. Design
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InNFO WLCSP Description
»Integrated Fan-Out Wafer Level Chip Scale Packing module wi ant. and RFIC

»Small module consist of 1 or 2 RFICs & several ant.s, flexible in large scale array

»Large module consist of whole ant. array & RFICs, highly integrated

Mold-frame
(fan-out area) Redistribution

Antenna

RDL Forming/ > _ - — -
Encapsulation SALAID PR R RIS
Wafer Process Dicing LY LY \\
Wafer Level Packaging
. . Solder Stop
Dielectric Interconnect

(Solder ball)
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InFO WLCSP Single-pol Ant. Design

»Package antenna with Wideband Patch Ant. 10N

» Substrate using molding compound material
» Single polarization design with extra-wideband
»BW from 24.25GHz to 43GHz

»Measurement agree well with simulation
S11

10 1

Radiation Pattem [ E plane

A0

S11/dB

.15

.20 4

.25 4

P2 * 189
0 4+——T——— L A B A A | T | S wo
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InFO WLCSP Dual-pol Ant. Design

»Wideband Patch Ant. With Dual-polarization
» Substrate using molding compound material
»Extra BW from 25GHz to 43GHz

»Measurement agree well with simulation

— Sim.S22
S parameters |——sims21
04 — Sim.S11

- -+« Mea.511
- Mea.521
: W M'e-aS¢?2

-10 H

-20 -

dB(S11)

-30 4

-40

20 B s 45
Freq(GHz)

10mm

10mm

<
=

China National C

10mm
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InNFO WLCSP FEM Design

»Ant. module size of 10*10*1mm
»Four layers include ant. & RFIC connect

»Molding compound support & Pl for RDL layer

12 inch Plate Manufactured by SJSemi
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Phased Array Module Design

Ant. array designed with dual-polarization
RF freq from 26.5 to 29.5GHz @ VSWR<1.5
IF freq from 9 to 11GHz

Phased array module integrate Ant. with RFIC
8*8 beamforming scan angle from -60 to 60deg |
ERIP reaches 50dBmi

Total size : 170mm*130mm*28mm

China National €
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Polarization RFIC Layout
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Horizontal polarization Vertical polarization
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Ant. Array Details

» 8*8 ant. Array with dual-polarization

> 44mm*44mm*1.43mm

» BW covering from 26.5GHz to 29.5GHz

China National

S param of ports@ZSGHz >

I -0.000
-10.0

t(GHzy | SL2 | S13 | SLA | S57,58 | $5557  $56,57
(dB) | (dB) (dB) (dB) (dB) (dB)

265 | -32.7 -161  -32 | -343 | -155  -52.6
28 356  -17.9  -332 | -383 | -165  -69.6
29.5  -423 -19.7 | -33.8 422  -184 @ -73.7
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V-Pol Scanning performance @ 28GHz

odd_port_phiOscan freespc-doubleCol_9-30V1_For layout 4
2400
4 Mame ® ' Curve Info m3
B m2 450000 | 21.1686 ||—— dB(RealizedGainL3X)_scan30
4 Imported
] m3 | 0.0000 |22.9186 || Freq=28GHz Phi=0deg’ m2
21.00 m4 54.0000 | 19.8542 || — gp( nL3x)_scan0 |
4 Imported m4
i Freq="28GHZ Phi=0deg"
4 —— dB(RealizedGainL3X)_scan45
i Imported
18.00 - Freg="28GHZ Phi="0deg’ [
. i —— dB(RealizedGainL3X)_scan1s
Imported
1 Freq="28GHZz Phi=0deg"
i —— dB(RealizedGainL3X)_scans5
Imported
;15.[][] — Freq="28GHZ Phi=0deq" N
i T
12.00 —
2.00 | /\ /\
6.00 —— /\\ -— b //‘\ —
-90.00 -60.00 -30.00 0.00 30.00 60.00 90.00
Thata [denl
odd_por‘[_ph|905(;an freespc-doubleCol_9-30v1_For layout &
24.00
Name X hd Gurve Info mi
4 m 0.0000 229186 |[—— dB(RealizedGainL3X)_scan4s m2
1 mz [29.0000 22,1148 || POrted
1rm - - Freq="28GHz Phi=90deg’
2100 mé 53.0000 | 19.2316 dB(F : inL3x)_scan30 |
i Imported
] Freq="28GHz' Phi=80deg" md
4 —— dB(RealizedGainL3X)_scan15
Imported
1 Freq="28GHz Phi="80deg"
18.00 i —— dB(RealizedGainL3X)_scan0
Imported
b Freq="28GHz' Phi=80deg"
T —— dB(RealizedGainL3X)_scan55
1 Imported
;15.00 = Freq="28GHz Phi="80deqg’ I
i 7
12.00 —
9.00 o
-90.00 -60.00 -30.00 0.00 30.00 60.00 90.00

Theta [deq]
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H-Pol Scanning performance @ 28GHz

even_port phiO scan freespe-doubleCol_9-30V1_For layout
24.00
1 Name X i Curve Info s
1 m1 | 0.0000 |22.3906 —— dB(RealizedGainL3Y)_scan15
] m2 30,0000 22,0486 Imparted
4 Freq="28GHZ Phi='0deg"
21.00 | md | 620000 | 19.2165 | —— dB{(RealizedGainL3Y)_scan0 |
| m4 480000 19.9511 Imported o
4 r Freq="28GHZ Phi="0Odeg" m3
| —— dB(RealizedGainL3Y)_scan30
Imported
1 Freq=28GHz Phi=0deg’
18.00 7 dB(RealizedGainL3Y)_scands |
1 Imported
1 Freq=28GHz Phi=0deg’
1 —— dB(RealizedGainL3Y)_scan50
4 Imparted
= 15.00 - Freq=28GHz' Phi=0deg’ |
=13 5 ;
4 —— dB(Realized GainL3Y)_scan55
i Imparted
Freq="28GHZ Phi='0deq"
12.00 -
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6.00 —— T -.-A T — —— —T m—
-90.00 -60.00 -30.00 0.00 30.00 60.00 90.00
Theta [deg]
even_port phigo scan freespc-doubleCol_9-30V1_For layout 4
2400
Name X A4 m1
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2100 | ms [540000 195954 Curve Info
] T —  dB(SystemGainL3Y)_scan0 mé
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b Freq="28GHz Phi="90deg"
7 dB(SystemGainL3Y)_scan50
B Imported
4 Freg="28GHz Phi="90deg"

12.00 —| —— dB(SystemGainL3Y)_scans5 |
4 Imported
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9.00 -

emn“‘..../—}. — T T — T “/‘\‘.| T
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> 5G Intro. Overview
> mmW T/Rx RFIC Design
> mmW Ant. Module Design

> Terminal mmW Ant. Design
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mmWave Mobile Terminals Ant. Design

TalleV e lelta)Tallel oW | el

Broadband dipole
Patented

W=

S.Parameners (0B}

20 36 | N 22 35 M 3% 36 S0 I W A Al
Froquency (GHz2)

End-fire ME dipole Cavity back slot Dual-band slot
Patented Patented Patented
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® Broadside ant. array by ME dipoles element

® Endfire ant.array designed by dipoles element
® RFIC with 4 channels @ 24GHz to 43GHz

AiP module size:10*10*1mm General dimension:19.2mm(L)x6.6mm(W)x1.0mm(H)
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